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© The presem mvenaon relates to a process for deiignification and bleaching of chemically digested 
..gnoceilulose-coniaining putp, wherein rhe pulp is acid Seated at a pH of between about l and abou t 6, 
A'hereuoon a water-soluble compounc containing an aikaf|ne..earth. metal is added at a pH of betwesn about 1 
and about 7 before the pulp is treated with a chlorine*free bleaching agent. The cniortne-free bleaching agent 
inciud«j3eroj<i^^ ozone, ox^ggr^a/td sodium^dithiontte in an optional sequence or mixture. After 

:he treatment accoroing to the invention, the pulo may teTinaily bleached to the desired brightness, sultaoty 
with a chlorine-free bleaching agent, such as ozone, to completely avoid formation and discharge of AOX. 
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lignocellotosa-cortaining pulp, wheretn the pulp is ac* ™ * add9d at a pH Of between about 
JL^pon > w~r-sa,uble expound contammg J^ - ^^"^ The MM acidic treatment 
1 and about 7 before the pulp is treated ^^"^^^^ of aiteUne earth metai ions in 
removes the trace meta.s« I *. pulp. £*~ ^ , benefidal effect 

'^'^V^Z'Z^SS^ .^S£u«*f. « «» v^sity, as wo« as on the 

on tne preservation of *» c*Mo~ - . step. After the treatment accords to the 

consumption of bieach.ng agent " J^^ d m J^^£ suitably with a chlorine-free Caching 
invention, me pulp may be finally bteached *> tr*> AO y 
agent, such a ozone, to completely avoid formatton and discharge of AOX. 

Background 

,„ the production of chemical pu.P of 
ceuulose fibre. Part of .i 9 nin has to be 

zzsisz^ 9 w ™ s * ,requem,y enecled by w 

tflb^wlft oxygen • «^ * J^tSe^elsSy^mm^ to treat chemical pu.p with cnionne- 
For environmental reasons, rt has becenne rncreasmg .yco ft dr ^. reduct ion in the 

free bieaohing agents BJready in the first owing S the combined effect 

charges of <* ta *"£^^ ^ STSJi of Sin. which is the organic 

Of a smaller amount of chlorine-containing oieecnuiy — 

substance primarily reacting with the chlorine. h „ Hnwn nemxide oeracetic acid or ozone. 

It is known to use chlorine-free bleaching agents, such as hydrogen perox do. P«««« 
already in the prebleeching. However, the delignification ^nsu^p^on of *jb ^ 
,ess effective than with chlorine-comairfng b eacn.ng ^'^"^J^ ^ip 0 f ions of 
hydrogen ^^0. in an ajkaUje •^^S^E.'JS^ ^ 
certain metals, such as Mn. Cu and re. These ™* ~";^= thTconsumotion of peroxide. According to 
redudno the efficiency of the peroxide treatment ana mcrea_«.y " = r 

sulDhuric acid or nitric 

CA 1.206.704. this can be counteracted by pretreabng ^.^^ m i ^^^^ /rtMt also metal 
«id. whereby the concentration of ail types of metal .ons « J^ u ^^^^ hi 2Tns stabilize me 
ions, for example Mg, which are advantageous to the peroxide treatment d.sapoear. wh.cn stao 

oeroxida and increase the selectivity of the perox.de. alkaline peroxide solutions. 

™.~>„ riicrlns^s the addition of magnesium sulphate to stabilize ainaiine 
CA 575.S36 discloses tne bleaching iiquor and in alkaline environment insoluble 

; However, the addit.cn .. mace d.rectjy to the Weacning f magnesium io ns to 

magnesium hydroxide pre cipita ^^^J^X ^JSZE?"** bleW.iouor. None of 

ZZ££SZZZZ£ ST ^magnesium ions into *. pulp to such an extent, that a 

puip of high brightness and strengtn can oe oCiemed. 
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in whirh liQnocelluiose-containing puip is treated under the condition* 
The invention provides a process in wh.ch I gnocellufose oonwru y £ w bleachjng are effectively 

Add treatment is an erfec^ve proc*« to ohminato m . . , position5 j n the 

the same time ,t ,s known "^«£%££ 7^ SSS^L ^ « ^ H 
pulo. nave a posltwe utfluence on the °* ^ » 0 , one and oxygen. The present process 

consumcDon of ch.orine-free bteacn.ng agents, sucn "^^^^^l^ tof the subseouent 
pr— an econcm, ^ SU ^ ion S ol alKa-ine earth 
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. ^ru* • Kw flWrfinn the comoound containing an alkaline earth metal at such a 

ancaiine aarth metals. This is achieved by ^ di ^J^^^^JZ t( ^enabling the diffusion required to 
P H ami such a temperature that the compound « dis^^^^^^ ^ ^ ^ pH adjustment 
«htein tt>a intended effect. Furthermore, an actvantaoe ot the present process is max xn» ^ ^ 
^eTune ^ent with acid and addition c< atafine earth meta. ions become very bnuM or may be 
* I ttn.it artoaather which is advantageous to process technique and economy. 

5 ' " S22ST b^Si ac^dud* i£^ peroxide cc^t^ ^ ^ peroxde and 
"J sodium peroxide, organic peroxide compounds, such as pyeoetw acid. 020na ; oxygen and 

< S ium SSL ^y.^urogen peroxida (P). «ygenW=a ozone (2) are used man opwtf 

} A ^Z* or mixture. Preferaor/. ^ is made of rcydrcgan pcroxido or mixture of hydrogen pero»d a and 

o - Trsrrssss™ * ^ 

O bv addino to the pulp an alkali or an alkafi-cocrtairfng liquid, such as sodium caroonate, sodwm hydrogen 

\ soS Thyd^xi ds. oxidized white ..quor or magnesium hydroxide sfcrry. SuttUy. *• magna- 
*> ZZZZ^ZJtH taken from the chemicai handling system in the products ct sulphite pulp w,th 

?^ sdp^ric^ld S acid, hydrochloric acid or residua, add from a chlorine dioxide reactor. e-ther 

O/K^ separately or in an optional mixture. Preferably, sulphuric acid is employed. * nM ;„ m 

t° Compounds containing an abcallne earth meta. relate to water-soluble c^em^ conta^nrng rna^s.um 

20 or calcium, or mixtures of such chamicate. Use is suitably made of magnes.um-contSin.ng ~«*** n ^* 0< * 
as magnesium sulphate or magnesium chloride, or ca.cium-ccntain.ng compounds, such as c4eum 
chtortM or ca.caim oxide. Use is pnrfarably made cf magnesium sulphate or n,ao*e«um ch.or.do *e use 
of magnesium sulphate being especiaUy preferred. The combination of tempore 
of ^compound containing an alkaline earth metal is afways so chosen that the compound «s m aqueous 

25 solution when contacted with the puip. // ^ _,c/ 

In the process according to the invention, the acid treatment is earned out at a pH of from about J up o ~ff Z_ y 
about 6. suitably from 1.5 up to 5. preferably from 2 up to 4. It Is especially prererred that fte aad [ 
recent is earned out at a pH of from 2 up to 3. *iSW*m te .the alkaline earft metal i the £ - 5 

compound containing an alkaline earth metal, the addition is made at a pH : in W ^ t *°* V^, J 

3e about 7, suitably in the range from 2 up to 6. preferably ir the range from 2 up« 4 It ,s esp^ 
preferred mat the addition of magnesium is made at a OH Of from 2 up to 3- ^ ™ 
bleaching agent is hydrogen peroxide, the pulp is suitably treated at a pH of from about 8 up to abcut 12. 
ZtrJy a. a P H of from 10 up to 12- Treatment with the other chiorina-.ree bleach.ng aoents mentioned 
above, is carried out within the normal pH ranges for each bleaching agent, which are well-known to the 

35 person skilled in the art. , , . 

The treatment according to the invention is preferably earned out with a washing step between the sod 
treatment and addition of alkaline earth metal ions, sucn mat the trace metals that are harmful to th* 
treatment with a chlonne-tree bleaching agent are removed from the pulp suspension. ch , crln4 . tree 
The realization of the acid treatment, a compound containing an aikahne earth metal ana a chlorine we 
so bleaching agent, can be carried out at an option* position in the ^^l^?^- 9 ^^^*^ 
digestion of the pulp or after an oxygen step. The process accordmg to the invent.on is preterably appi.ed 
to oulp tnat has been deiignified in an oxygen step prior to the treatment. .... 

' it is aiso within the scope cf the invention, that the pulp in the acid treatment also can be subjected to 
blading ano;cr damnifying treatment. Bleaching and/or oelicnifyino chemicals active w.tftm the pH range 
« suitable in the acid leatment. are e.g. chlorine dioxide, ozone, peracetic acd and/or an acid penwte- 
ccn(a.n,ng compound. Suitabiy. e comoination of acid treatment and bleacmng and/or dd.gnrfy.no treatment 

takes place in an ozone step. ^-<~a r< i. ^ , /< . . y 

Ugnoceliutose^ontairtng pulps r C i a w to chemical pulps of softwood and/or hardwood d.gefr ^ fa^t 

ing toThe suiphite. sulp^ soda or organoso.v process, or modifications an ^ ^ n ^^^ 
so is suitably made oTSSwood and/or hardwood oigested according to the sulphate process, preferably 



55 



^^^SL g to the invention can ce aop..ed to Ugnocei.u^ntainin, « 
initial kappa number within tne range from atou, S uo to about 40. ^-L^^f^ ^ - 
up to 20. Here, the kappa number is determined acccroing to tne standard metnod SCAN C 1.77. 
^irTtne process according to the .nventicn. the a=,d treatmenU s earned out at a le^raterert £m 
aoout 10 uo to about 95 -C. suitaoly irom 20_upjoJU_L AM ^SSl^^^J^^^ ^ 

Period ^ ^f, „n toanoutt^m in^^bW ^f^^ ^^T^^ f 0 

up to 40 min. The compound comaimng an a^aline earth metal is added at a temperature ot from about 
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U p to a*. S5-C preferably from 40 up to ?£'ZlSZm SSHS 

mm. prrferatty from 20 up to , ^r:S^T^^, tZ^SoT^,n ^ 30 up to about 
caching agent « ^w^pjrogs^ » 2 tinToffZ about 30 up to&at out. 300.rnin. 

duId ccocentraiiofl may be from about 3 up to about 35% by weight preferably from 3 up to IS- by 
Sht^rTcZ,^ blea^ng^mi^grn pero.de. ft. .pulp eon~»a« * 
Lit 3 up to about 50% by weight, suitably from 3 up to 35% oy weight and preferably IromiOupto 25% 
by we*? Treatment with the other cti.odr*Hree beaching ^rT^et^L^T^ 
r, trie normal ranges of temperature, time and pulp concentrator, for each bleaching agent, wh.cn are w««- 

^££?£S£ «r£*ng an a.kaKne ear* metal charged, lies in ft* range ,om about 001 
up to about 10 kg/ton of dry pulp, catenated as alkaline earth metal, suitably m the range from ^ up to 5 
kgton of dry pulp, calculated as alkaline earth metal, and preferably in the range from 2 up to 4 kg/ton of 

i3 dry pulp, calculated &» alkaKn* earth rrvetal. . +Ka 

in preferred embodiments employing hydrogen peroxide as the ^'f^'f^ ^"V*! 
amount of hydrogen peroxide. lies in «• rang* from ebout 2 up to about 60 kg/ton of dry pu£ 
as 100% hydrogen peroxide. The upper limit is not critical, but has been setfor reasons of e«non^h« 
amount of hydrogen peroxide suitably lies in tne range from 3 up to 30 kg/ton oi dry pulp <md preferably 

20 from 4 up to 20 kg/ton of dry pulp, calculated as 1 00% hydrogen peroxKJe^ hteachina 
After the acid treatment, a compound containing an alkaline earth metal ^« <^ nn **" j^" 9 
agent, the pulp can be used for direct production of paper with a lower demand of bngttne« ^ 
me pulp may be finally bleached to the desired higher brightness, by treatment in one or more jweps. 
Suitably, the final bleaching is also carried out with chlorine-free bleaching agents of the type merrboned 

2s above, optionally with intermediate alkaline extraction steps, which may be reinforced with perox.de and/o 
oxygon. In this way. the formation and drseharce of AOX is completely eliminated. Suitably, the final 
bleaching is carried out with ozone in one or more steps. By the treatment according to the .nvent.on. the 
lignin content has been reduced to a suflidentry low level before any chlorine-containing bleach.ng agents 
are used. Therefore, chlorine dioxide and/or hypochlorite may well be used in one or more final bleacrnng 

so steps without causing formation of large amounts of AOX. 

Moreover, use Of the process according to the invention means that the brightness andkappa number 
of me resulting pulp Is higher ana lower, respectively, then with the proofs * wrucn » 
containing an alkaline earth metal is not added at all or is added at a higher pH. In a process .or bleachmg 
chemical pulps, the aim is a high brightness as well as a low Kappa number, the tatter mcen.ng a low 

as content of undissolved lignin. At the same time, the consumption of the chlorine-free bleaching agent shoutf 
be as low as possible meaning lower treatment costs. In the process according to the invention, these 
objects are met. as is apparent from the Examples. Furthermore, the strength of the pulp. ™**«* 35 
viscosity, is sufficient, wnich means that the pulp contains cellulose cnains which are long enough to give a 

oor* Product^ ^ ^ ^ ara lljustrated in more detail by the Examoies below which, however 
•re only intended to illustrate the im/emion ana are not intended to limit the same. The percentages and 
parts stateo in the description, claims and examples, refer to percent by weight and parts by weight 
respectively, unless anything else is stat9d. 
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SuWjatsaulP of softwood having a kapja number ot t7. a brightness of 35% ISO ana a viscosity of 
970 dm»/kg was treated** sulphuric acid at a pH of 2.0 . Tha pulp was treated at a ^^^S 
for 30 min the pulp concentration being 10% by weight. After wash.ng the pulp w.lh water, magnesium was 
addedir7th e form of an aqueous solution containing MgSO.. to give a concentration. rt 
Pulp of at least 500 ppm. In the tests, the pH at the time ot tne addition was var«d between 2.3 anc 1115 By 
addition of sulphuric acid. Then, the pulp was bleached with hy_di03eruier0x.de at a <^ r8 *' e 
me residence time anO pulp cor^entration being ,80 min and 15% by weight respects y The SnaTpH 
was 11.5. and the addition of hydrogen peroxide was 15 kg/ton of dry pulp, calculated as iMAlvydrogm 
peroxide. For comparative purposes, magnesium was added directly to the hydrogen perox.de step under 
me conditions stated above, in accordance with the Drier art. To provide »^^^ jB 1 jg 
aiso treated with only sulphuric acid and hydrogen perox.de under the cordons s^ed above. The kappa 
number, viscosity and brightness of the pulp were determined according to SCAN Standaro Metnods. and 
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the consumption of hydrogen peroxide was determined by iodornetrtc titration. The test results appear from 
the Table below. 

TABLE I 



pH at the addition of Mg 


Kappa number step 2 


Viscosity step 2 
(drrrVkg) 


Brightness step 2 
<% ISO) 


Residual H 2 0 
step 2 (kg/bon) 


2.3 


9.1 


903 


61 .Q 


1.5 


4.7 


9.2 


910 


60.0 


1.0 


9-5 


g.s 


930 


S6.1 


0.9 


11.5 


10.0 


940 


52.2 


0.2 




93 


690 


54.1 


0.5 


2.3" 


9.9 


875 


48.2 


0.0 



" Magnesium added directly to the aikaiirte hydrogen peroxide step. 



** No magneeium added. 



As is apparent from the Table, the treatment according to the present invention with MgSOi at a pM in 
20 the range from about 2 up to about 6 is essential to give maximum increase in brightness and maximum 
reduction of the kappa number, as well as minimum decrease in viscosity and minimum consumption of 
hydrogen psfosdd*. Furthermore, the importance of the magnesium ions for the increase in brightness 
appears from the comparison at a pH of 2.3, where, in the final test, the peroxide treatment was preceded 
only by acidic treatment 

25 

Example 2 

Oxygen-deHgnified s ulohate^ Dulo of softwood having a kap pa number of 13 .7, a brightness of 37.1% 
(SO and a viscosity of 1057 dm 3 /kg t was treated in a first step with 1 5 kg of sulphuric acid /ton of dry pulp at 

30 a pH of 1 .9. The pulp was treated at a temperature of SO * C Tor 60 m in. tne pulp concentrat* ^n bsing 10% 
by weight After washing the pufp with water, in a second step between 0.1 and 1.5 kg of magnesHim/ton of 
dry pulp was added in the form of an aqueous solution containing MgSCU. Magnesium was added at a pH 
of 4.1. a temperature of 50* C for 60 mm and with a puip concentration of 3.5% by weight Then, the pulp 
was bleached with hy drogen pe roxide at a temperature o r 90*0 , the residence time and pulp concentration 

35 being 240 min and 10% by weight, respectively. The finai pH was 11.5 and the addition of hydrogen 
peroxide was 20 kg/ton of dry pulp caJculated as 100% hydrogen peroxide. For comparative purposes, the 
puip w« aiso treated with only sulphuric acid and hydrogen peroxide under the conditions Stated above. 
The kappa number, viscosity and brightness were determined according to SCAN Standard Methods. The 
results after bieacning with hydrogen parrodde appear from :h© Table below. 

40 

TABLE It 




Amount of Mg added 
In Step 2 (kg/ton) 


Amount of Mg in pulp 
after step 2 (ppm) 


Kappa no. step 3 j Viscosity step 3 Cdm 3 /kg) 

i 


Brightness step 
3 (% ISO) 


0 


3.7 


9.6 


900 


51.5 


0.1 


130 


8.2 


870 


61.8 


0.3 


250 


7.8 


864 


65.1 


0.75 


370 


7.7 


- 855 


65.9 


,.5 


460 


7.6 


845 


67.3 



As is apparent from the Table, acid treatment followed by addition ot dissolved magnesium and 
bleaching with hydrogen peroxide according to the present invention, positively influence the pulp as 
regards kaopa number, viscosity and brightness, 

Example 3 



The oxygerwjelignitied sulphate pulp of softwood used in Example 2. was treated in the sequences O • 

s 



i 
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BOP-Z - P {test 1) and D - EOP - Z - Mg - P (test 2). where the conditions in each step were aquai in both 
sequences, 0 and EOF relate to a conventional cbiorino dioxkb *top and a conventional aJkaJine extraction 
step reinforced with hydrogen peroxide and oxygen, respectively. Z relates to an ozone stsp with apH of 
2.3. Mg relates to th addition of 1 kg of meg/iasiunvton vf dry pulp, in tho form of an aqueous solution 

s containing MgSQ*. Magnesium was added at a pH of 4.1, a temperature of 50 *C for 30 min, th pulp 
concentration being* about 3% by weight P relates to a hydrogen peroxide step, where the pufp was treated 
at a temperature of 80 *C for 120 min. The final pH was about 11-5 and the addition of hydrogen peroxide 
was 5 kg/ton of dry pu/p calculated as 100% hydrogen peroxide. "The viscosity and brightness wor* 
dat»rmin©d according to SCAN Standard Methods. The resutts after b teaching with hydrogen peroxide 

io appear from the Table below. 

TABLE III 



Test 


Amount o* Mg 


Amount of Mg In pulp 


Viscosity (dm 3 /kg) 


Brightness {% ISO) 




added (kg/ton) 


after addition (ppm) 






1 


0 


ie 


820 




2 


1.0 


255 


872 


88.4 



1 



As i$ apparent from the Table, addition of dissolved magnesium after an inifr'ai acid treatment with 
ozone and bleaching with hydrogen peroxide according to the present invention, positively influence the 
pulp as regards viscosity and brightness. 

Example 4 

The oxygen-delignHied sufphate pulp of softwood used in Example 2, was treated in th« s^quenc^s 
Step! - Pi - Z - P 2 {test 1) and Stepl • Pi - Z • Mg - Pi (test 2), where the conditions in each step were 
equal in bcth sequences. Step I relates lu treatment wfth COTA at a pH of 6. 2 rotates to an ozone step with 
a pH of 2.3, the pulp concentration being 10% by weight Mg relates to the addition of 7 kg of 
magnesium/ton of dry pulp, in the form of an aqueous solution containing MgSO*. Magnesium was added 
at a pH of 4.1, a temperature of 50 # C for 30 min, the pulp concentration being about 3% by weight P2 
relates to a hydrogen peroxide step, where the pulp was treated at a temperature of 80 * C for 1 20 min. The 
final pH was about 11.5 and th© addition of hydrogen peroxide was 5 kg/ton of dry pulp calculated as 100% 
hydrogen peroxide. For comparative purposes, the pulp was also treated in the sequence Slept - Pi - z - 
(PMg) (test 3). (PMg) relates to the addition of magnesium in the second ^Iktline hydrogen peroxide step 
under the conditions stated above, in accordance with the prior art. The viscosity and brightness were 
determined accorcing to SCAN Standard Methods.' and the consumption of hydrogen peroxide was 
determined by iodometric titration. The results after the second hydrogen peroxide step appezr from the 
Table below. 

TABLE IV 



Test 


Amount of Mg 
added (kg/ton) 


Amount of Mg 
in pulp (ppm) 


viscosity (dm 3 /*g) 


Brightness (% ISO) 


H 2 02 consumed in 
P t of added) 


1 


0 


9 


794 


S0.9 


76 


2 


1.0 


300 


858 ' 


83.9 


28 


3 


1.0 


120 


809 


81. S 


80 



50 

As is apparent from the Table, addition of magnesium within the present pH range betore bleaching 
with hydrogen peroxide, positively influence the pulp as regards viscosity and brightness and reduces the 
consumption of hydrogen peroxide. 

55 Claims 

1. A process for deiignifkration and bleaching of chemically digested Hgnocelluloso-containing pulp, 
characterised in that the pulp is acia treated at a pH in the range from about 1 up to about 6, 

6 




1 



EP 0 511 695 A1 



whereupon a compound containing an alkaline earth metal is added at a pH in the range from aoout \ 
up to about 7 and in an amount of from about 0.01 up to about 10 kg/ton of ory pulp, calculated as 
alkaline ©anh metal and that the pulp subsequently is treated with a chlorine-free bleaching agent 

s 2. A process according to claim 1, characterised in that the chlorine-free bleaching agent consists of 
hydrogen peroxide, oxygen and ozone in an optional sequence or mixture. 

3. A process according to claim 2, characterised in that the chlorine-free bleaching agent consists of 
rtydrogen peroxide or a mixture of hydrogen peroxide and oxygen, 

jo 

4. A process according to claim ?• characterised in that the compound containing an aikaline ea/xft mataJ 
is added at a pH of from 2 up to 8. 

5- A process according to claim 1, characterised in that the compound containing an alkaline earth metal 
?s consists of a water-soluble magnesium compound. 

6. A process according to claim 1 or 5, characterised in that the compound containing an alkaline earth 
m*t*l consists of magnesium sulphate or magnesium chloride. 

so 7. A process according to cleim U characterised in that the pulp is washed after the acid treatment. 

B» A process according to claim 1, oharaotori£*d in that th* pulp, after the treatment, is finally bleached 
with a chiorine-free bleaching agent optionally with intermediate alkaline extraction steps. 

29 9. A process according to claim 8, characterised in that the pulp, after the treatment, is finally bleached 

with 02one in one or mere steps. 

10, A process according to claims 1-9. characteristd in that the acid treatment is carried out at a 
temperature of from about 10 up to about 95" C for about 1 up to about 120 min. that the compound 

30 containing an alkaline earth metal is added at a temperature of from about 10 up to about 95 *C tor 
about t up to about ISO min and in an amount of from 0.5 up to 5 kg/ton of dry pulp, calculated as 
alkaline earth metaJ, the treated pulp having a concentration of from about 3 up to about 35% by 
wsight, and that tha pulp is treated with hydrooen peroxide at a pH of from about 8 up to about 12. 

35 
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ABSTRACT 



conditions. It is now well accepted (3,7) 
that the active delignif ication agentJTn 
alkaline medium are HOf and the decomposi- 
tion products of HO2 (radical species like 
OH* and O2 * , and oxygen). This indicates 
that the mechanism must be very complex and 
that all our knowledge in the field of H2O7 
mechanical pulp bleaching is helpless to 
find the conditions appropriate to the de- 
lignif ication of a kraft pulp. 



The aim of this paper is to define the main 
parameters of the H2O2 deligni f ication 
treatment and to propose some improvements 
or modifications which allow it to. match the 
conventional oxygen bleaching process. 



RESULT AND DISCUSSION 
Effect of metal ions 



Hydrogen peroxide can delignify a kraft pulp 
as efficiently as oxygen does under condi- 
tions which are described. 

It is shoVn that the efficacy of hydrogen 
peroxide as a delignifying agent depends on 
the pH of the liquor, on the amount of some 
metal ions and on the residual lignin struc- 
ture in the unbleached pulp. 

Interesting results are obtained when a hot 
(60-80°C) acid pretreatment is performed 
before an alkaline peroxide stage. 

If the acid effect is combined with some 
chemical modi ficat ions of the residual lignin, 
like oxidation or nitration, delignifica- 
tion during the peroxide stage is dramati- 
cally improved. 

INTRODUCTION 

Hydrogen peroxide de 1 ign i f i cat ion of alka- 
line chemical pulps was proposed recently 
O-S) and has been operating for two years 
on an industrial scale in an european mill 
(61- 

Peroxide del igni fi cation offers some defini- 
te advantages over commercial oxygen deli- 
gnification : 

- it can be carried out at atmospheric 
pressure in a conventional equipment 

- H7O2 is completely soluble in water and 
thus can be used very easily 

However, H2O2 is relatively expensive and 
its real potential as a delignifying agent 
has not yet been studied extensively. One 
has to realize that the use of H2O2 to deli- 
gnify a kraft (or a soda) pulp is quite a 
new development and that many studies have 
to be done to determine the effective reac- 
tion pathways and to find the best ooerating 



It has been described that in neutral or in 
acidic media the behavior of hydrogen pero- 
xide may be completely modified by the pre- 
sence of metal ions resulting in typical 
free-radical reactions. Thus ferrous or cu- 
prous ions for example initiate the auto- 
catalytic decomposition of H2O2 into water 
and oxygen. This is the Haber Weiss cycle : 

HOOH + Fe 2+ - Fe 3+ + OH" «- OH* 
HOOH + Fe 3+ + Fe 2+ + H + + *O0H 
00H' ■+ Q 2 + H* 

But in the presence of a substrate RH which 
is susceptible to react with OH* radicals, 
other reactions can occur leading to substi- 
tution products like ROH . For example hydro- 
xylation of phenolic compounds has been des- 
cribed (8). Similar reactions do occur in an 
alkaline medium and strongly affect the ef- 
ficacy of Ht02 delignif ication as evidenced 
by the results given in tables 1 and 2. 

Table 1. Effect of reducing the metal ion 
content of the pulp on H2O2 deli- 
gnification (P) in alkaline medium. 



Metal ions content pp» 

No Washing with Washing with Wishing with washing with 

Washing H ; so 4 0.72N H;SO t Q.36N HjS0 4 0.10N HjSO^ 0.0t\ 



Fe 


S J 


26 


SO 


30 


31 


Cu 


a. a 


3-0 


3.0 


4.0 


*.o 


Ma 


10 j 


i. 0 


1. 0 


0 


10.0 


Mg 


SiO 


180 


200 


Z50 


2 TO 


Kappa 
*f t c r 
s t»ge 


No 

P 20. S 


16.9 




17.0 


17.4 


Hole 


P. st*s< 
90' C ; 


condi ti ons 
120 nin. 


consistency 


11 \; NaOH 3 \ ; H 2 0 2 


l.S I; 



Acid washing conditions : consistency 3 I, 20* C. 30 mirx. 
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Table 2. 



Effect of increasing the metal ion 
content of the pulp on H^C^ deli- 
gnification (P) in alkaline medium 



Pulp vath«d with H z S0 4 O.Qt N 



♦ Kn * Kn 

20 pp« 100 ppa 



• Co . * Cu 
10 ppm SO pp« 



* Fb * F« 

20 ppm SO ppi 



F« 
Cu 
Htv 



31 
4.0 

10 
2 70 



lappa No 

•ft*T ? 17.* 



Jl 

4.0 

2 70 
10. 0 



31 

4.0 

ua 

270 
IU0 



Jl 

14.0 

10 

270 

tt.o 



II 

S4.0 

to 

270 
1ft. t 



SI 
4.0 

to 

2 70 
1»M 



It 

4.0 

10 
270 

lft. T 



Note P *t»fe conditions i con*ist«ocy 12 t ; W«OH It; H.O, 1.S t ; 

90* C : 120 «ia. * 

Acid wuniag conditions ; consistency 3 \, 20* C, 30 mio. 

In these experiments the amount of metal 
ions have been reduced by submitting the 
softwood kraft pulp (kappa No 30) to an 
acid washing at room temperature and in- 
creased by adding some metal salts to the 
pulp after an acia washing. Mn can be re- 
moved completely by an acid washing, whereas 
Fe and Cu are only partly eliminated even 
in drastic conditions. At the same time the 
efficiency of H2O2 de lignif ication is in- 
creased, suggesting that Mn is the most 
harmful catalyst. This is confirmed by the 
results on table 2 which indicate a clear 
dependance of the kappa number of the pulp 
after the T> stage on the Mn content. Fe and 
Gu seem to slightly affect the delignifica- 
tion . 

Effect of metal ions on peroxide consumption 
during H2O2 delignif ication was checked 
(Figure 1 ) . 




0 



20 



40 
TIME min 



60' 



Fig. 1 Kinetics of H2O2 consumption (curves 
1,2) and lignin solubilization (cur- 
ves 3,4). 



Conditions : consistency 12 1 

H 2 0 2 U, 90° C 
Curves 1,3 without pretreatment 
Curves 2,4 with acid pretreatment 



NaOH 3' 8 



H 2 0 2 is consumed instantaneously during 
H 2 0 2 delignification of the softwood kraft 
pulp (after S minutes of reaction time no 
H2O2 is detectable). However the kappa num- 
ber is almost unchanged till about 100 % 
H2O2 has disappeared. After elimination of 
Mn and about half the original amount of Fe 
by acid washing the consumption of H2O2 is 
much slower and the kappa decrease faster. 
These results indicate that : 

- HO2 reacts very slowly with the pulp 

- Decomposition of HO2 is very quick when 
Mn is present TOO ppm in our experi- 
ment) 

-When large amounts of metal ions (parti- 
cularly Mn) are present the mechanism for 
H2O2 delignification could be a rapid oxi 
dation of the residual lignin by radical 
species or native 0 2 followed by a slow 
alkaline extraction of the oxidized li- 
gnin. An other alternative could be a 
slow delignification of the pulp by O2 li 
berated when the alkaline H2O2 solution i 
added to the pulp 

- When the amount of metal ions is low (aft 
acid washing) the mechanism of delignifi- 
cation could be the same as above except 
that here the formation of radical specie 
or O2 is slower. An other possibility 
could be a direct reaction of HO7 with 
carbonyl structures in residual lignin re 
suiting in side-chain displacement ( Daki 
-like reaction) and possibly initiated by 
molecular oxygen and/or other peroxide de 
composition products (JQ 

Loss of delignification power when th 
pulp is rich in metal ions is due to in- 
tensive O2 formation. O2 solubility is to 
poor to recover all its oxidative power. 

Effect of pH 

It has been proposed to oxidize a kraft pul; 
by H2O2 in acidic medium (Pa) and to extrac 
the oxidized lignin by an alkaline extrac- 
tion treatment (E) (9) . This sequence was 
investigated in this study along with other 
sequences consisting of acidic and alkaline 
peroxide steps. The main results 
are reported in Table 3. 

Table 5. Comparison of acidic and alkaline 
peroxide treatments. 



Trtiteen t 



Alkaline H : 0; (7) 



Hj0 2 1 t 

Acidic Hj0 : (Pi) 
HjO, t t 

Acidic H,0, (P») 
HjQj 0.S \ 

Acidic treatment (A) 
H Z 0 Z 0 



alkaline extraction (E) 
H 2 0 2 0 

alkaline H z 0 2 (?) 



alkaline H.Oj C p ) 
h z 6 2 1 \ 



Kappa :»'o after the 
alkaline Stage 



22.0 
23,0 
20.2 
17. S 




Mote Acidic conditions : consistency 12 I ; HjSO* 2 1 : 90*C. 90 ain 

A l^alin ™ condiTi o n i : consistency 12 1 ; U»OH J J ; 90' C. 90 oin. 
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It is shown that although a PaE sequence is 
ao.le to detignify a fraft pulp, the effi- 
cacy of the delignification is less 

than in a PaP sequence Cat the same 
total H 2 0 2 charge) where a part of H2O2 is 
introduced in the alkaline extraction step 
and much less than in an AP se- 
quence, where all the H 2 0 2 is added in the 
alkaline step. In other words H 2 0 2 is much 
more efficient in an alkaline medium than 
in an acidic medium, as far as lignin split- 
ting is concerred.So the best sequence seems 
to be an AP sequence where the alkaline pe- 
roxide step is preceded by a hotr^ p CT H CT — ' 
a ± l J . P rc trea t men t . These findings can be 
palely aC^oUJiLeU- for by the fact that 0 2 
(generated in acidic and alkaline medium as 
well) does not react with lignin in acidic 
medium as intensively as in alkaline medium. 
An other explanation could be thaf the reac- 
tion of 00H- with « carbonyl groups (Dakin- 
like reaction) is of particular importance 
as far as delignification is concerned. 

Optimization of the acid pretreatment 

Partial elimination of heavy metal ions can 
be achieved by acid treatment in gentle con- 
ditions (rog^^mperature, pH %.2) and many 
acids can be utilized for thai-purpose as 
demonstrated in (10). Unexpectedly the data 
given in Table 4 clearly indicate* that rai- 
sjjiffthe_ temperature^ in the acid treatment"*" 
results~in a ~f g rthe r_jde crease of kappa Mo 
after the P J tlge^a^KWf^^rir^mc^e^he 
metal ion content of the pulp, implying 
that kraft lignin is modified by an hot acid d 
treatiH^jjL so a5"Vo become mare^ s.uscep t ib le J 



to solubilization in 



a. 1 k a 1 i neHTjo 2 1 1 q uo r . 

•• "■' " - i 



Table 4. Acid pret reazmen t prior to H 2 0 2 

delignification. Effect of tempera- 
ture. 



kraft lignin does react in dioxane water Q • 
1, HC1 0.2 N at temperature higher than ' 
50i C, as evidenced by the new UV absorat* 
maximum observed on the difference spectra 0 " 
of acidolysed lignin. The intensity of this 
3S0 nm band decreases upon reduction with 
sodium borohydride indicating that a conju- 
gated carbonyl group is formed during acido- 
lysis. So the acidolysis results suggest 
that a significant amount of 8 ether lin- 
kages (etherified units ?) are left unhydro- 
lysed during kraft pulping and are 
eleaveeby acidolysing the lignin. Con- 
sequently formation of carbonyl groups along 
with release of free phenolic groun is 
achieved (12). H 

Figure 2. Acidolysis of softwood kraft li- 
gnin. dioxane-water 9:1, HC1 0.2N 
under reflux, 60 min.U.V. Dif- 
ference spectra 

1 . reduced softwood kraft lignin 
3. after acidolysis 

2. after acidolysis and partial 
reduction. Na BH^ , 2 days 




250 



300 350 
WAVELENGTH nm 



400 



So pretreatnent 



Tenperature *C 

F« ppa S3 

Cu ppa B.S 

►a ppra 10 J 



Kappa No after 
P tti£* s— 



::.o 



Acid prctmcnent 



20 



SI 

s.o 



zo.t> 



so 



11 

j. 7 
3.0 



:o.2 



70 



30 

3.8 

3.0 



ID 



30 

4.0 

3.0 




17. S 



Note Acid treatment eenditions : comi*iency tz \, H.SO. I \ (by 
weigh 1 of rh.c dry pulp), U0 tin. 



P »taje conditions : consistence ij \ saCM 1.5 t, HjOj t I. 
90* C, 90 aio. 1 c 

Thu ?> t e i B g_erature of the acid l iquor appears 
to be an impo rtan t parame te TT"Acidolvs is of 
kraft lignin "has not been extensively inves- 
tigated, so far. It is generally accepted 
that the number of hydrolysable ether lin- 
kages m kraft lignin is very low. However 
the curves in Figure 2 show that softwood 



Th is i5 also con f i rmed by the slight increase 
of the maximum at 250 nm (despite the well 
known negative absorption of carbonyl groups 
at this wavelength) , ascribed to free pheno- 
lic groups (11-12.). Kinetics of the acido- 
lysis reaction are given in Figure 3. At 
40 C the reaction is very slow and is not 
detectable within the first four hours. 
After^ hours at 60° C and T hour at reflux 
95° C) the acidolysis is almost completed 

Possibility of hydrolysis of some lignin 
carbohydrate linkages, thereby making the 
lignin more easily soluble in an alkaline 
medium, has to be considered as well, as sug- 
ges ted in (13). 



Therefore there is a ^"J^nit fi advantage t o 
p erform a hot acid pretreatment A prior to 
- th e alkaline Peroxide stage P . Some techni- 
jcalTaspects were then investigated like the ef- 
; feet of A on the strength properties and 
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bleachability of the pulp and on the waste- 
water loads. 

Figure 3. Kraft lignin acidolysis . (Varia- 
tion of 350 nrfi maximum. UVdi fferen- 
ce spectra. dioxane-water 9:1 
HC1 0.2 N 



95'C 




TIME h 



. 24 



Table 5 shows that the main strength proper- 
ties of the unbleached and AP treated 
pulps (A at 70° C) are somewhat comparable^ 
in good accordance with the cellulose DP 
values which remain unchanged. 

Table 5. Str ength p roperties of AP treated 



pulps at 




Table 6 



Bleaching of softwood kraft pulps 
Consumption of chemicals. 





A 

H 2 SO« Zt 


P 

HjOt It 
MiQfl US 1 


6 

C10 z l.Sl 


p 

H 2°2 "-SI 
NiOfl It 
H* 2 S10t 31 
(31* B4) 


Brightness 1 
«7.,S 


c 

ci 2 61 


e 

NaOH 31 


0 

cio 2 i.u 


t 


0 

CiOj 0.4t 


IT.S 



Table 7 : Effluent characteristics of 
bleaching sequences. 



Color 



CEDED 
A 
P 

A P D P 

{AP recycled) 



270 
6.4 
110 
100 



BOOc 



12.0 
TuS 
6.0 
6.0 



COO 

kf 0 2 /T 



70.0 
4.S 

ss.o 

40.0 



Note A: 70* C ; P: 1 \ HjO^ 



Strength properties 



Unbleached pvlp 
AP trexted pulp 



K*pp» 
nitnbe r 



30 

1S.S 



0? of 
cellulose U ^ th 



1 1SO 
1130 



Hurst Tear 
index index 
kPi a2/g nN «2/£ 



9. 75 
10.0] 



7.22 
7. 29 



9.03 
9.02 



Mote A conditions : consistency 12 t ; Hi504 2 t ; 70* C, 120 sin 

P conditions : consistency 12 t ; H7O7 1 \ ; KaOH 1.5 I. 90* C. 
90 sin 



.bleachability of AP tr e ated 



The excellent, 

pulps is~ demons t rated by the possibility 
of getting a fully hi^ar^^A pulp by the 
short APDP sequence (Table 6). Effluent 
characteristics of A are given in Table 7 
As expected from the value of the yield 
loss during the A pretreatmen t (about 0.3 
on"pulp), the pollution loads are low. 
Color load is almost negligible and BOD5 
is about one tenth of the classical value 



for a complete CEDED sequence. Therefore 
if any problem arises upon recycling the / 
effluent (precipitation of dissolved li- 
gnin - release of H^S) it should be pos- 
sible to discharge it. Typically recycling 
the P effluent results in reduction of ovc 
50 % in color 40 % BOD and COD when com- 
pared with CEDED. About 1 % H2O2 (by 
weight on dry pulp) is consumed. 

Peroxide versus oxygen bleaching 



It is well known that the selectivity of 
oxygen de 1 igni f icat ion is very bad even i: 
the presence of cellulose protectors like 
magnesium salts ; as illustrated in Figure 
4. DP of cellulose decreases dramatically 
with kanpa No and consequently oxygen de- 
1 ign if icat ion must be stopped at a kappa 
No above 15 to preserve the strength pro- 
perties of the pulp. From the selectivity 
point of view AP delignif ication is much 
better^ since at kappa No 16 the DP value 
is almost unchanged, and matches the con- 
ventional CE sequence (Figure 4)- Unfortu- 
nately for an unknown reason it has not b< 
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possible to reach low kappa No with an AP 
sequence, even at high H 2 0 2 charge. To equa- 
lize industrial oxygen bleaching in terms of 
delignification rate, 1 X to 1'. 5 t H2O2 
must be consumed. Nevertheless peroxide 
bleaching should be considered due to its 
simplicity and low capital cost. 
Figure 4 : Selectivity of Oxygen delignifi- 
cation . 0 conditions : Consis- 
tency 20 \ p0 7 8 bars (at 20 *C) 
MgSO. 7H ? 0 U7 NaOH 1t-5l, 90*0 
120°C, 60 min 



30 



2 20 
u_ 

< 



10 




500 



700 



OP 



900 



1100 



Combination of acid and chemical activation 

Peroxide del igni f icat ion can also be activa- 
ted by a chemical pre t re atment . Ozone (Z) 
oxidation of kraft pulps has been described 
by many authors (j_4). ZP sequence was inves- 
tigated and compared to oxygen bleaching 
(figure 5) . 

Selectivity of Z(ozone) ZE and 
ZP sequences. Z conditions : con- 
sistency 40*, 0311-2%, 20 °C, 
10 min.E/P conditions : consisten 
cy 12 \, NaOH 11-3*, H ? O 7 0,5l-H 

~c, — ----- 1 



Figure 5 



80 



120 min 



30 



< 



20 



10 




700 



900 



OP 



1 100 



It is shown that low kappa No can be re ache 
after ZP sequence but at the expense of cel- 
lulose DP so that ZP delignification is 
found less selective than 0 delignification 
However it is demonstrated that ozone 
oxidation of lignin does not hinder the 
subsequent peroxide oxidation and can be 
associated with it to enhance the deligni- 
fication . 

Nitrogen dioxide (NO2) activation has also 
been described in a previous paper (IS) NO2 
pretreatment (N) allows peroxide delignifi- 
cation to be more performant and selective 
than oxygen delignification (Figure 6) , 
although the difference is not very big. 
Thus lignin nitration can also be combined 
with peroxide oxidation to achieve a more 
complete delignification. 

Figure 6 : Selectivit y.of N (nitrogen. *dioxi 
de) , NE, NP,NZE and NZP sequence? 
N conditions : consis tency 40 I, 
N0 2 11-6* 70 °C, 30 min, Other 
conditions as in Fig. 5 



30- 



20 



< 



iO 



SI--"" 




a CE 



♦ NZP 

oNZE 



700 



900 1100 
DP 



From these results, a novel, performant and 
chrorine free bleaching sequence was defin- 
ned, combining all the effects we described 
in this study, i.e. 

- hot acid effect (elimination of Mn cation, 
and acidolysis of the residual lignin) 

t lignin nitration 

- lignin ozonization 

NZP sequence was found to achieve this goal 
Such a sequence is almost as efficient as 
CE bleaching, as indicated in Figure 6 and 
in Figure 7 where all the sequences under 
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Figure 7. Place of various sequences 

according to their selectivity 



I 100 



1000 



CL 
O 



900 



800 



„NZP 



8 



>-CE 
-NZP 



_NP 



_0 



NP 
U0 



ZP,ZE 

_NE 
!0 

KAPPA No 



.NZF^NZP 
.NP t AP 

_0 

.ZP.ZE 
-NE 



Up.o 

ZE 
LNE 



15 



20 



investigation are compared to one another i 
at four different kappa levels. For example 
it has been possible to reduce the kappa No 
to 8.5by applying N2P(N0 ? 2 t, 0, U,H 7 0, 
0,S ^ NaOH 2%). Whether 4 or not it is In- 
teristing to introduce hydrogen peroxide 
in the alkaline treatment depends on eco- 
nomical factors and on the kappa target 
after treatment. 

NZE can be prefered to NZP to compete with 
the conventional oxygen b leaching. K aopa No 
11.9 was obtained after NZE (NO, 2%,'0^ U 
NaOH 2 %) . However only NZP sequence is 
able to approach the results of a CE treat- 
ment . 

CONCLUSION 

Peroxide de li gnif ication is a novel and 
promising development in the field of che- 
mical pulp bleaching. The experiments car- 
ried out in this study show that : 



- H ? 0 ? in 

tlve towards 



alkaline medium is much more ac- 
lignin than in acid medium 

The efficiency of H-0 2 ^ el *S n i ^ ication 
in alkaline medium strongly depends on 
the content of metal cations, particula- 
ry Mn , in the pulp. An acid pretreatment 
performed at room temperature prior to 
H^O- treatment eliminates most of the 
harmful cations thereby 
delignification 



improving 



H 2°2 



Unexpectedly if the acid treatment is 
carried out at higher temperature (60^C 
toSO^C) , further improvement of J^O. 
deTTgni f icat ion is observed, wherea: 



cations removal is not better. It is sugi 
gested that lignin acidolysis takes pla-| 
ce thereby breaking some residual ether I 
linkages. ( 

- Chemical modification of the residual li- 
gnin by nitration and/or oxidation in 
acid medium prior to alkaline H_0 ? treat- 
ment dramatically improves the selectivi- 
ty of the delignification. Some chlorine- 
free sequences are proposed which compe- 
te with conventional oxygen delignifica- 
tion. 

EXPERIMENTAL 

Pulp 

Commercial unbleached softwood kraft pulp 
was used ("Obbola" Scandinavian pulp) . The 
pulp was in the form of dry sheets. The 
sheets weretorn into small pieces by hand 
and disintegrated with water in a labora- 
tory pulper. 

Acid pretreatment 

Acid treatments were performed in polyethy- 
lene (PE) bags -(for other conditions see 
tables 1 , 2 and 4) after the desired re- 
tention time a sample of liquor was taken 
by squeezing the pulp and the pH was chec- 
ked. The acid treated sample was cooled and 
the pulp was washed with cold tap water 
(50 ml/g of o.d pulp) and filtered to 30 I 
consistency - Metal ions content was measu- 
red by atomic absorption spectroscopy. In 
some experiments Mn + + , Fe + + and Cu ++ were 
added to the pulp after acid pretreatment. 
The corresponding sulfate salt was dis- 
solved in water and an adequate volume of 
solution was added to the acid treated pulp, 
placed in a PE bag to 20 % consistency. 
After thoroughly mixing (by hand) the pulp 
was left standing for 30 minutes at room 
temperature prior to subsequent peroxide 
tre atmen t . 

Peroxide treatment 

H 7 0 ? treatments were performed in PE bags 
which were collapsed to exclude as much air 
as possible (other conditions given in the 
text). In some experiments Mj®? was titra- 
ted during the treatment. The classical io- 
dometric method was used (catalyst : am- 
monium molybdate) 

Nitrogen dioxide and ozone treatments 

NO-, and ozone treatments were performed 
using a rotating round bottomed flask equi- 
ped with a gas inlet system. The pulp was 
fluffed at its designated mixture content 
by means of a mechanical fluffer and intro- 
duced into the flask. 

The reaction flask and gas inlet systems 
were then partially evacuated by means of 
a mechanical vacuum pulp to enable a wei- 
ghed quantity of N?^4 to ^ e ^ n ^ roduced ea- 
sily into the flasR. Rotation of the flask 
was continued for the desired time with the 



150 / TAPPt Proceedings 



flask partially submerged in a water bath 
at constant temperature. After reaction the 
treated pulp was washed. Ozonization was 
carried out by treating the pulp with a 
stream of ozone in oxygen at ambient tempe- 
rature. The gas velocity was adjusted so 
that during the resident time the desired 
quantity of ozone had been added onto the 
fibers. The exit gases from the reaction 
vessel were analysed for residual ozone 
content. After reaction the treated pulp 
was washed. 

Other bleaching stages 

C, D and E treatments were performed ac- 
cording to standard procedures (C : con- 
sistency 3.S \, 4S min , room temperature ; 
D : consistency 6 t, 2 to 4 h, 70 °C ; 
E : consistency 8 \, 60 min, 60 °C) . 

Pulp and effluent characterization 

Beating was carried out in a Jokro mill. 
Handsheets for physical testing were pre- 
pared at 70 g/m* and pulps were evaluated 
according to AFNOR methods (essentially 
the same as the TAPPI Testing Procedures) 
all other measurements were done according 
to the appropriate AFNOR standards. 

Lignin acidolysis and lignin reduction 

100 mg of softwood kraft lignin was dis- 
solved in a mixture of 90 ml dioxane and 
10 ml HC1 2N. After reacting for 1 h to 
24 h the UV spectra of the lignin were re- 
corded. 1 ml of reaction mixture was dilu- 
ted with ethanol-vater 50 : 50 (neutral 
solution) . 1ml of reaction mixture was di- 
luted with ethanol-water 50:50 NaOH 0.1N 
(alkaline solution). Borohydride reduction 
of lignin was carried out according to the 
classical method (16). 
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* 

AB STRACT 

The decreases in kappa number of an unbleached alkaline hardwood pulp of 
carpinus berulus when performing dilute H2S Q4 hydrolysis at about 100°C , either 
after or before oxygen bleaching are ihe same". Hie main paiamefSs^oFthis acid 
hydrolysis are specified by studying the acidification of unbleached alkaline pulp 
suspensions at room temperature, and the extraction kinetics at temperatures in uie 
range of 88°~llo ^C by following UV absorbance of the hydrolysis liquors. 

Among the dissolved products in the liquors 2-furancarboxyfic acid has been 
identified. This acid results probably from the degradation in the acid medium of 
compounds present in the unbleached alkaline pulp, which are not oxidized by 
oxygen in the alkaline medium* 



INTRODUCTION 



In view of decreasing, or indeed eliminating the production of toxic 
chlorinated organic materials 1 - 2 during bleaching with chlorine, various methods 
are used or are now considered* One approach is the partial replacement of chlorine 
by chlorine dioxide in the C-stage 3 ; another is to extend the cooking time 4 or to use 
the "'rapid displacement heating" pulping system^, in order to reduce the chlorine 
demand of the pulp by lowering the kappa number prior to bleaching. 
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